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Abstract 

The BaBar collaboration has recently reported the observation of the decay mode B~ — > 
K~TT~ . We investigate the role played by the D** resonances in this decay mode using 
HQET. Although these resonances cannot appear as physical intermediate states in this 
reaction, their mass is very close to the DfK~ production threshold and may, therefore, 
play a prominent role. We pursue this possibility to extract information on the properties 
of the strong D**DM couplings. As a byproduct of this analysis we point out that future 
super-i? factories may be able to measure the DqD*^ radiative coupling through the 
reaction B~ D^^tt" . 
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I. INTRODUCTION 



The BaBar collaboration has recently reported the observation of the decay 
mode B- DtK'Ti- with a branching ratio B{B~ D+K'-k-) = (1.88 ± 0.13 ± 
0.41) X 10~^ [l|. This decay mode is different from the mode B~ D**7r~ 
D^n^Ti^ observed by Belle |2(] in that the D** resonances are too light to decay into 
DfK~. Nevertheless their masses 

mo** = (2308 ± 17 ± 15 ±28) MeV 

mo** = (2461.6 ±2.1 ±0.5 ±3.3) MeV, (1) 

are sufficiently close to the threshold for production of D'^K~ that we can entertain 
the possibility of them playing a significant role in i?~ DfK~ 7r~ as "quasi- 
resonant" intermediate states. 

In this paper we use heavy quark effective theory (HQET) to investigate this 
possibility. This study will serve as a probe of the properties of the D**DM inter- 
actions, where M a member of the light pseudoscalar meson octet. In particular 
we can check the SU (3) relations in strong D** decay. In addition, an analysis of 
a distribution with respect to the angle between the pion and kaon momenta can 
further constrain the -Dg tensor couplings. 

Schematically, our procedure consists of splitting the decay B~ D^K~n~ 
into "quasi-resonant" and non-resonant contributions as depicted in Figure [H If 
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FIG. 1: Decomposition of the decay mode B — > DfK vr into contributions that are 
mediated by a D** that is near its mass shell and those that are not. 

the D** resonances were heavy enough to decay into D^K~ we would expect the 
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"quasi-resonant" contribution to dominate. Furthermore, in the narrow width ap- 
proximation the production and decay processes would factorize, and we could study 
the properties of the strong decay vertex. We investigate the extent to which the 
"quasi-resonant" process dominates by first computing the amplitudes with the aid 
of heavy quark effective theory (HQET). We then normalize the resulting rates to 
the two-body DqjTt" weak decay rates and use this as a constraint on the 

weak transition. Finally we study the behavior of the normalized rates for different 
parametrizations of the weak vertex, treating the residual dependence on the weak 
vertex as an indication of the extent to which the "quasi-resonant" contribution 
dominates. 



II. FORMALISM 



We use the HQET formalism to describe the interactions involving the heavy 
meson (0~,1~) doublet, its excitedpositiveparity partners (O'^, l'^) and (l+,2~'"), 
and light pseudo-scalar mesons 

iaaaaa. 

We follow standard notation to 
incorporate the hght pseudo-scalars as the Goldstone bosons of spontaneously broken 
chiral symmetry through the matrix ^ = exp(y^) with a normalization in which the 
pion decay constant is 



M 



V 



132 MeV. The matrix M is explicitly given by, 

K+ \ 



2 " 



TT 

K- 



vr 



2" 



(2) 



Similarly, the heavy meson doublets are described by the following fields and their 
conjugates. 



(0- 


,1-) - 


H = 


(0+ 


,1^) - 


S = 


(1+ 


,2+) - 


^ - 



rplJ. 



7o^ '7o 



(3) 



At leading order in the heavy quark and chiral expansions, the strong interaction 
mediated decays of the form H, S,T — > HM are described by the Lagrangians 

iBia 

Ch = gTr [Hj^j.A'^H] , 

Cs = hTr [S^^-f,A>'H] + h.c. , 

Ct = ^Tr [H^,^,iD,A^)f'^] + ^Tr [H^^^,{D^A,)f^] + h.c, (4) 



A. 
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where the axial current is given by, 



A,^'-{ed,i~id,i^\ (5) 

and the traces are over Dirac and flavor indices. For our numerical estimates we will 
use the values \h'\ = \{hi + h2)/AJ ^ 0.5 GeV~\ h = -0.52 and g = 0.4 0, Eo|- 
We will also replace fw Ik ^ I-S/tt where appropriate. 

It is a simple exercise to write the corresponding weak vertices describing the 
transitions from a 6-quark meson to a c-quark meson. In this case, however, we 
do not expect a reliable description of the weak transition as the nib — mass 
difference is larger than A^. We will use the HQET framework to parametrize 



the weak transitions in a manner similar to that of Ref. 11 . We then treat the 



result as a phenomenological description of the weak transition in terms of three 
free parameters that are constrained by the two body decays B~ 



0,2 



TT 



The dominant short distance operator responsible for the decays B 
DfK'n', B~ D~^'7i~n~ is an SU{3) octet of the form C7^(l — 75)6(i7'^(l — 75)^. 



We use standard techniques 12|] to introduce this operator into the HQET formal- 
ism. We first construct the matrix A12 with Ai2j = to represent the SU (3) 
properties of the operator. We then pretend that A12 transforms as A12 LX^L'' 
under chiral symmetry and construct chiral symmetric operators that include A 12. 
The transformation properties under chiral symmetry of the other relevant objects 
are Hq HqU\ Hq ^ UHq, ^ L^W and ^ U^^Ll With these ingredients 
we construct the effective weak Lagrangian beginning with the Hi, —>■ transitions. 
There is only one term without derivatives (the sign is chosen to match the notation 
in 0), 

Cw = PwTr [ Hb^^ 7^(1 - 75) A12 7^(1 - 75) ] • 

(6) 

There is also a unique term with one derivative, 

Cwi=tkHTr[Hb,H'^^^{l-^,)] Tr [^^ X^d''^] . (7) 

Even though the operator Eq. [7] is formally suppressed by one order in the momen- 
tum expansion with respect to the one in Eq. [6] we will keep both of them for several 
reasons. First, because in a matching to the underlying quark-operator Eq. [6] is 
suppressed by 1/Nc with respect to Eq. [71 second, because we do not really expect 
the momentum expansion to be relevant in 6 — s> c transitions; and third, because 



Ref. pjj finds that an interplay of these two operators is necessary to describe the 
B~ D^-k^-k" decay. For all these reasons we will limit our discussion of the weak 
transitions to these two operators. In particular we will also ignore small contri- 
butions proportional to Vub-, as well as perturbative QCD corrections to the Wilson 
coefficient of the quark operator. 

For weak transitions of the form Hb Sc we consider two weak operators 
analogous to Eqs. [6] and [7] obtained by replacing Sc- In principle these 
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operators have different coefficients than those in Eqs.[6]and[71 However, we estimate 
all the weak coefficients in naive factorization where the constant for Hb — * Sc 
transitions is related to the constant for Hi, He transitions by the factor 
ifoo^yTTT'Do)/ ifD^^mD)- For our estimates we take this factor to be one. Several 



models to estimate the quantities in this ratio are discussed in Ref. ll|, resulting in 



the ratio differing from one by factors of at most two. In all the models considered 



in Ref. [Ul] the two constants have the same sign. 

For weak transitions involving a T field, Eq. [6] will not have an analogue in this 
approximation (the tensor decay constant vanishes Esl . EgI ) . The single weak 

operator in this case reads, 

Ct = ikrTr [v^f^i^^il - ^^)H,] Tr[^'^\i2d^(\ . (8) 

The kn, ks and kx coefficients are related in factorization, with their relative signs 



being given by those of the Isgur-Wise functions [l7| ^{uj),ti/2^3/2{uj). The factor- 
ization results that we use are, 

Pw = ^ —jBlDy/mBniDBi 

kH = ^ — fM^)B2 

ks = 2^^/^,/2(-)5. 

kT = ^^^V3ry2{u^)f:B,. (9) 

In order to treat these weak vertices as a phenomenological parametrization we have 
introduced "bag factors" -81,2,3 that are equal to 1 in simple factorization but that 
we will allow to vary. We will also use recent estimates for the IW functions in 



the light-front formalism [18|], taking lu = v ■ v' ^ 1.26, an average for the range 
(1 - 1.53) that occurs in our application. We thus use: ^ 0.7, ri/2(a;) ~ 0.25 
and T3/2{u;) ^ 0.35. In addition we take fs = 191 MeV and fo = 225 MeV. The 
relative sign of the constants Pw and k s is important to reproduce the two body 



decay B DqTv , as discussed in Ref. [Uj]. Here we use the sign implied in Eq. [9] 



which reproduces the measured B DqTT rate with bag parameters close to one. 

Notice that this framework will describe all the non-resonant diagrams in terms 
of the same coupling constants as the "quasi-resonant" diagrams. Our strategy is 
thus to fix as many constants as possible from the on-shell two body decay modes 
B~ — > D**7r~ and then use these results, supplemented with the HQET description 
of the strong D** couplings to predict the three-body decay mode. 



III. B- D+K-TT~ AND THE D*" RESONANCES 

We are now in a position to investigate the contribution of the D** resonances to 
the B^ D^K^n^ process. Our strategy will be to compute the amplitude with 
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the ingredients given in the previous section, schematically splitting it into the two 
terms pictured in Figure [H In the limit in which the quasi-resonant states dominate, 
it is possible to make reliable predictions that depend only on the theory of the strong 
D**DM transitions because the weak production vertex and the strong decay vertex 
factorize, as they do in the narrow width approximation for a resonant channel. The 
weak transition can then be eliminated in favor of the measured D^-k^-k^ . 

This approach completely fails as the non-resonant contribution becomes dominant 
in which case the two decay modes are not directly related. The formalism in the 
previous section will serve to interpolate between these two extremes, allowing us 
to explore the sensitivity of our result to the weak couplings. 

We begin by computing the B~ —>■ D^K~tx~ amplitude from the diagrams 
shown in FiglS To construct these diagrams we note that weak transitions in- 
volving the T multiplet arise only from Eq. [HI so the corresponding vertices always 
involve a vr". The calculation proceeds as follows. We work in the B rest frame in 
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FIG. 2: Diagrams contributing to B~ K~tt~ . For diagrams of the form (a), the 

strange B intermediate states go with a pion emission from the weak vertex (denoted by 
an x). 

which the heavy meson has four velocity v'^ = (1, 0, 0, 0). After a weak light meson 
emission we solve for the velocity of the charmed heavy meson, v' for Dq2,D^*, 
using exact kinematics so that the residual momentum in the intermediate heavy 
meson propagator corresponds exactly to its off-shellness. For a weak vertex with 
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pion emission we use 

V ■■ 



Mr 



E V rni + M'^+ ^ 

whereas for a weak vertex with a kaon emission we use 

„ .niB - Ek Pk . 



M 



D.J 



(10) 



To determine phenomenological values for our "bag factors" we use the experi- 
mental results 



B{B- 
B{B- 



(6.1 ±0.6 ±0.9 ± 1.6) X 10"^ 
(3.4 ±0.3 ±0.6 ±0.4) X 10-^ 



(12) 



supplemented with the theoretical input for the strong D** decays as in 111, Il9 
For the central values then, 



B{B- 
B{B- 



9.1 X 10" 
8.7 X 10" 



(13) 



The weak decay rates B' 
framework with results, 



D°7r- and B' 



D^Ti can be calculated in the above 



TiB- 



T{B- 



ny 



EdoE^ 



k'^Ejj^ Ej^ (c(j| 




m R ± m no 
h- 



ksE^im 



TJlB 



2m 



^0 



(14) 



where ujq 







1.362 and 002 



-"2 



1.306. Setting these predictions, Eq. [T 



equal to the values in Eq. [13] we find B2 as a function of Bi. For our numerics we 
will use the three pairs Bi = 1, B2 = 1.13; Bi = 1.308, B2 = 1 and Bi = 1.15, 
B2 = 1.06. This comparison has also been used to fix the relative sign of ks with 
respect to From the second line it also follows that B3 = 1.3. 

We neglect mass splittings between members of a doublet, H, S,T, but include 
mass splittings between the different doublets. In addition, we set the pion mass to 
zero. We find it convenient to evaluate scalar products involving v' in the DfK~ 
center of mass frame. 

All this results in the following amplitudes. The three "quasi-resonant" diagrams 
(those that contain a meson in Figl2lb,c) give: 



M< 



h 



V -Qk 



AP'^cu il + h 



TUB 



2M 



D+K- 



ksE^{M^ 



DtK- 



ruB 



(15) 



7 




Mni K- (GeV) 

FIG. 3: M^+j^- invariant mass distribution for Bi = 1, B2 = 1.13 for: a) diagrams 
involving a Dq (solid line); b) diagrams involving a D2 (dashed line) and c) all other 
diagrams: for h' > (dotted line) and for h' < (dash-dotted). Interference terms 
between (a), (b), and (c) are not shown. 



with E.„- evaluated in the B rest frame. This Dq contribution by itself has an M^+^_ 
invariant mass distribution shown as the solid line in FigjSl 

There is one "quasi-resonant" diagram with an intermediate tensor D2* state 
(Figl2jb). It yields an amplitude, 



M 



h'ki 



T 



fMM^t 



{Ek - coQK ■ v'f - 1(1 - uj^){ml - (g^ ■ v'f) 



{00 + 1) 



(^TT ■ qK - q^T ■ v'qK ■ v'){Ek - ujqx ■ v') - -^ijn]^ - {qx ■ v'f){E^ - toq^ ■ v') 



(16) 



where E^^k are evaluated in the B rest frame. By itself the D2 contribution has an 
^D+K- invariant mass distribution shown as the dashed line in FiglS] 

Finally there are the "non-resonant" diagrams that we divide into two groups. 
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The diagrams from Fig|2la,d give: 



M 



other 



+ 



4^ 

fnfj 



K 



1 - 



hq^, ■ v' 



hksiv 



v") ■ v" ■ qx 



4:p'wg{qn -qD-qn- v'qp ■ v') 

f^fxiMjj+j^- - mB)mD 
gkniqTT -qK-qw- v"qK ■ v") 2qD -q^ mo 



1) 



h'ki 



{('"" ■ '"d+ + 1) -qK-q-K- v"qK ■ v") 



X 



{qK ■ Vj^+ - v" ■ Vj^+qK ■ v") - -{m\ - [qx ■ v"f){q^ ■ - v" ■ Vj^+q^ ■ v") 



- qn-v 



(qK ■ v^. - v" . v^.qK ■ v"f -\{\ - {v" ■ v^.f){m\ - (g^ ■ v"f) 



Diagrams from Figj2lb,c containing a intermediate state give: 



M 



W 



gjqTT -qK-q-K- v'qx ■ v') 



k 



—qTT ■ V 



-kniio + l) + 



{Ek - ujqK ■ v') 



TUB* 



:i8) 



To obtain the partial contribution from the "non-resonant" diagrams to the Mj-)+^- 
invariant mass distribution it is necessary to know the sign of h' . Since this sign is 
not known, we present results for both signs shown as dotted and dash-dotted lines 
in Figure [31 

We now show the full result obtained by adding all contributions. This is not 
equal to the sum of the three curves in Figure [3] because that decomposition ignored 
the interference between different terms. With /i' < we obtain a total B{B~ 
D+K-TT-) = 1.63 X 10"^ and with h' > we find B{B~ D+K~7t~) = 1.24 x 10"^ 
The corresponding M^+j^^ invariant mass distributions are shown in FigHlfor three 
values of Bi and B2 as described earlier. 



IV. DISCUSSION 



A. Angular distributions 

We now turn our attention to angular distributions and the additional infor- 
mation they provide. In particular, by studying the angular distribution dr{B^ 
D^K~7r~)/dcos6 for the angle 6 between the momenta of the pion and the kaon 
in the D^K~ center of mass frame we can extract the amplitudes with different 
angular momentum. This frame would correspond to the rest frame of the D** if 
it were produced as a physical intermediate state, so that this is the angular dis- 
tribution that would normally be used to determine the spin of the resonance. In 
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FIG. 4: invariant mass distributions with Bi = 1, B2 = 1.13 (solid), Bi = 1.15, 

B2 = 1.06 (dotted), Bi = 1.308, B2 = 1 (dashed) for (a) h' < and (b) h' > 0. 



DfK^n^ there is no resonance in the physical region, but we expect the dif- 
ferent contributions to the rate to exhibit different angular distributions depending 
on the virtual intermediate state. This is made evident by rewriting the amplitudes 
in the D^K~ center of mass frame. We find that the total amplitude in this frame 
can be written as a linear superposition of Legendre polynomials in cos^x-tt- (the 
angle between the K~ and vr" momenta in the DfK~ center of mass frame). 



M{B- 



7\/lo^o(cOS 9K-7r-)+MlPl{cOS Or-tt- 



-M2P2icOs9K-n-) + -- 
(19) 

With sufficient statistics it should be possible to fit the observed angular distribution 
to this form and to extract the different Aii components. 

In terms of these components we can write the differential decay rate as^ 



dT{B- 



DtK-7T~ 



dM 



D+K- 



Ed+\Pk\\p^ 
4(27r)3mij 



(20) 



and compare the different contributions, which correspond to the DfK system 
having angular momentum 0, 1 or 2 respectively. 

Within our framework, the partial amplitudes are predicted to be. 



Mo 



hE 



K 



D+K- ' 



k.E. 



Ml 



rriB 

fi'l^vrllgkl 



fMMnt 



fwfK 



h- 



M 



DtK- 



rriB 



2M 



D+K- 



E^(M 



D+K- 



+ do 
1 

rriB 



niBj 



rriBito 



DTK- 



niB* {Mjj+j^- - mB*)mD_ 



+ k 



M 



H- 



D+K- 



niB 



M, 



rriB 



ai 



^D+K- + 



fnf. 



K 



DtK- 



2 + 02- 

B 



(21) 



The starred energies and momenta are evaluated in the D+K center of mass frame. 
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In Eq. |2T]we have shown exphcitly the contributions to the J = 0, 1,2 amphtudes 
from the diagrams with an intermediate, "quasi-resonant", Dq, and D2 respec- 
tively. Additional contributions arise from the non-resonant diagrams, in particular 
the diagrams in which B^^, and i?2s are exchanged with the K~ connected to 
the B vertex and the vr" connected to the vertex contribute to all values of 
angular momentum. We denote their projections into J = 0, 1, 2 by Qq, Oi, 02 and 
evaluate these contributions numerically. We show this decomposition in FigOfor 
Si = 1, i?2 = 1.13 as a function of D^K~ invariant mass. 




FIG. 5: Contributions to the decay rate from different spin amplitudes for Bi = 1, B2 = 
1.13 with: (a) h' < 0, (b) h' > 0. In both cases the solid Hne corresponds to Mq, the 
dotted line to Mi and the dashed line to M2. Higher spin contributions are negligible and 
are not shown. 

In Figure [5] we see that the contribution from Mq is peaked at low M^+^_ 
and that the height of the peak depends on the sign of h' through the interference 
between quasi-resonant and non-resonant diagrams. It is larger for h' < where the 
non-resonant background is smaller in the low Mj-,+j^- region as seen in Figure [3l 
This peak reflects the presence of the Dq resonance just outside the physical region, 
and its height is sensitive to the mass of the Dq, as illustrated in Figure [61 In that 
figure we show the result with the central value of Eq. [1] as a solid line, and the one 
standard deviation values (adding all errors in quadrature) of m^jo as dashed and 
dotted lines. 

Figure [5] also shows a large difference between the size of the Mi contribution for 
different signs of h' and this may be exploited to determine this sign. Similarly, the 
contribution from M2 is significantly larger when h' < providing another handle 
on determining this sign. To further quantify the different contributions we show 
the respective partial branching ratios in Table [H 



B. Dependence on the parametrization of the weak vertex 

In Figure H] we have already presented results for three different pairs of values 
for Bi and B2. These correspond to different parametrizations for the weak vertex 
that reproduce the central value of the two body decay rates. We see from that 
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Mfl. K- (GeV) 

FIG. 6: Scalar component of r(i?~ D+K-tt") for three different values of rrij^o corre- 
sponding to the central value in Eq. [1] (solid) , and to the one standard deviation values 
(dashed, dotted), with h' > 0. 



TABLE I: Partial branching ratios for spin amplitudes. 





h' >0 


h' <0 


l3o{B- D+K-TT-) 
Bi{B~ DfK-TT-) 
B2{B- D+K-TT-) 
Bj>2{B~ ^ D+K-TT-) 


4.4 X 10"^ 
3.6 X 10"^ 
4.3 X 10"^ 
4.2 X 10"^ 


5.3 X 10^^ 
5.6 X 10^6 
1.0 X 10-'' 

5.4 X 10"^ 



figure that the variations are not large in the low M^+^_ region. We now explore 
in more detail the dependence of the total rate on these parameters. To this end we 
first normalize the total decay rate r{B~ D+K~7t~) to the rate r{B~ D'^ir') 
calculated in Eq. [HI We then plot this ratio as a function of the "bag factor" Bi 
while adjusting B2 in such a way that B~ DqTt' remains fixed to its experimental 
(central) value in Figure Uh-. 

We see that the ratio changes by about a factor of two when we span the value 
of Bi from 1/2 to 2 (recall i?i = 1 in naive factorization). This variation indicates 
that our prediction for the full rate B{B~ D+K~tt~) is not robust over the full 
kinematic range and that the process is not dominated by the D^* quasi-resonance. 
In the figure we also show the 1-a band from the BaBar measurement [l| and we 
see that our prediction for the total rate is in good agreement. 

Following our general discussion, we might expect to do better if we limit the 
range for M^+j^- to values closer to the physical m^jO mass, since this would enhance 
the relative contribution of the "quasi-resonance". For illustration we repeat the 
above exercise including only the partial branching ratio Bq{B~ D+K~ti~) from 
the region M^+j^- < rrij^o + 2T ~ 2.8 GeV. We also limit the comparison to the 
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FIG. 7: Normalized T{B~ — > Df K~'k~) as a function of Bi factor for: a) full kinematic 
range; and b) scalar contribution in the Mj^+j^- < mjjo + 2r£,o ~ 2.8 GeV range. The 
horizontal lines in (a) show the 1-a range from the BaBar measurement In both cases 
the solid line corresponds to h' > and the dashed line to h' < 0. 

scalar contribution to the rate, as this is the one that could be dominated by the Dq 
quasi-resonance. We show these results in FiglZb. We notice a slight improvement 
in the form of reduced dependence of our prediction on the parametrization of the 
weak vertex. However, there is still a large dependence on the parametrization of the 
weak vertex as the ratio varies by a factor of about two in the range 0.5 < Bi < 2. 
This is not surprising as Figure [5] already showed that there is a large non-resonant 
contribution present. 



V. B~ -00,2^" ^ L'°*77r" 

We end this paper with a brief discussion of the radiative decays -Do7- 
The framework used in this paper should be more reliable for the decay chains 
Dq 27r~ DQ-fTi" because in this case the resonance is in the physical region 
and should dominate the amplitude. In this case the approximation in which the 
weak production of Dq 2 and the subsequent radiative decay factorize should be more 
reliable. 

The production rates B~ Dq g^r" were already obtained in EqJT3l The radia- 
tive decays of the Dq 2 can be readily extracted from the vertices in Ref. [3| (see 
Eqs. 13,14,15,A4 in that reference). We find 

r(DO ^ D'*^) = (e/if,)2 .^.^^ OmMeV, 



r(DO ^ ^0*7) = (e/iS)2 .^.^^ 0.20MeV. (22) 

rriDO 71 

Numerically we used the results /if, = '^^"'^J^ ''^^ + ~ 0.75GeV~^ and /xj = 
— — — + ~ 0.33GeV~^ with input parameters discussed in Ref. 13 



A' 



13 



Using r^o = 276 MeV and T^o = 45 MeV we find B{D^ D^*-i) = 3.3 x 10"^ 
and B{D2 — * D^*'~f) = 4.5 x 10~^. With sufficient statistics to observe these modes 
it will then be possible to extract the coupling constants fif) and fij^. We present 



the result for D2 for completeness, as it has already appeared in the literature 20 



VI. CONCLUSIONS 

We have analyzed the mode B D^K~tt~ using HQET to parametrize 
"quasi-resonant" and non-resonant contributions. With the aid of angular anal- 
ysis it should be possible to extract the contributions of virtual intermediate states 
with spin 0, 1, or 2 leading to the D^K~ final state. 

The spin zero partial rate receives a large but not dominant contribution from the 
Dq intermediate state. This means that it is not possible to test the DqD^K~ vertex 
in a model independent way. However, we have seen that the HQET description 
gives a picture for this decay that can be tested qualitatively at least. The shape of 
the M^+^_ distribution for this partial rate depends both on the precise value of 
the Dq mass, as well as on the relative size of the non-resonant contributions. 

The spin one contribution can be almost as large as the spin zero contribution 
if /i' > 0. This is quite surprising as this is dominated by an intermediate D*^ with 
a mass significantly below threshold. This reinforces the conclusion that the decay 
is not dominated by the D** resonances although they play an important role. A 
determination of this contribution should provide strong evidence for the sign of h' . 

The contribution of spin two is also very large and strongly dependent on the 
sign of h' indicating that it is not saturated by the "quasi-resonant" D2 state. Con- 
tributions of spins higher than two are negligible. 

Given the large — ttlc mass difference we do not expect the momentum ex- 
pansion to describe this weak decay quantitatively. In particular the pion and kaon 
in the non-resonant diagrams are not soft for most of the kinematically allowed 
range. However, we have provided a mixed framework that uses HQET to describe 
strong transitions and a naive factorization to describe weak transitions in terms of 
a few phenomenological parameters. This framework also provides a model for the 
non-resonant terms and produces a qualitative description for this decay mode that 
can be used to compare with experiment and to extract information on the signs 
and SU (3) properties of the strong couplings. 
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